Hurricanes and global climate change

® What role do hurricanes play in climate?

® Why do hurricanes exist?

® Why are there order 84 tropical cyclones
per year?

® How should hurricanes change as climate

changes?
® Are models adequate?

® What is the role of global warming?
® Damage prospects
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Monica, Apr 24, 2006 cat.5 , MODIS NASA



Catarina
First and' only (known)

hurricane in South
Atlantic

Wi _
Satellite image at 16:30 UTC on 24 March

2004 of cyclone "Catarina” over the South Atlantic
Ocean, from the afternoon overpass of NASA's

Moderate Resolution Imaging Spectroradiometer
(MODIS) on board the Terra satellite.




North Atlantic Hurricanes 2005
A record breaking year:

¢Strongest Gulf hurricane month of July (Dennis)
éMost named storms (27%)
éMost hurricanes (15)
¢First ever V, "W, -a, B, v, 8, &,.C
¢Strongest hurricane on record: Wilma (882 mb)
¢Strongest hurricane in Gulf: Rita (897 mb)
éMost cat. 5 storms in season (3 vs 2 in 1960,1961)
¢Deadliest hurricane in US since 1928 (Katrina)
¢Costliest natural disaster in US history (Katrina)
éHighest insured losses ~$40-60B vs Andrew $218
¢Total losses ~$125-2008
¢6 of the 8 most damaging occurred Aug 04-0Oct05
Charlie, Ivan, Francis, Katrina, Rita, Wilma
¢Hurricane Vince (October) first to hit Portugal/Spain



Hurricanes:

Depend on SSTs > 26°C (80°F)

High water vapor content

Weak wind shear (or vortex comes apart)
Weak static stability

Pre-existing disturbance

Large variability year to year in individual basins.

El Nifio means more action in Pacific, suppression
in Atlantic

Large decadal variability in Atlantic



In the tropics, heat from the sun goes into the ocean
and is' apt to build up: Where does the heat go?

1)) Surface heat; cannot radiate to space owing fo
optically thick water vapor

2) Heat goes from the ocean into the atmosphene
largely through evaporation that is greatly.enhanced
in fropical storms. It moistensithe atmosphere
(latent ‘energy) and cools,the’ocean.

3).Heat and moisture are transported to higher
latitudes by extratropical cyclones and anficyclones
(Gold and warm fronts) mainly in winter.

4) Heat: is transported upwards: in convection, especially
Tunderstorms, fropical storms, hurricanes andioiiier
distunbances. Energy and moisture from fthe sunface
IS moved upwards, typically producing rain, drying the
atmosphere, but: heatingiit, and stabilizing the
atimosphere against; further convection.



Tropical ocean heat balance
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Cold wake from Katrina qnd Rita in Gulf of Mexico
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In the tnopics, heat from the sun is apt to build up:

4)iTihere is a competition between individual
fihunderstorms and organized convection 1o transport
heat upwards in the general atmosphenic circulation.

5)| Tiropical storms:are much more effective at: cooling
fihe ocean.

6) In models, the thunderstortis‘and.convection are not
nesolved and are dealt with by "sub-grid"” scale
paramefterization.

7)iHowever, most (all?) climate models have premature
onseft: of: convection, as seen in the diurnal cycle over
land, and: feature convection too often and with
insufficient intensity.



-~ — s e e T G
oy | ..
I| b § -E-I-i
w 1_ I_J Fi o
. Ly 1
. X P oy y
T _f-.‘ ]
- il ol ! .
I. i o j ,-l:- '-“:.:" o il
— Al t !' ; .
5 -9 3 iy E i
= § = s -
k. | =
': ) I'_- -j_-' 4 ub,':
3 £ . %
I 2 5 l|'I|I .'I L] ] _:-_
.. I. III'\. Il_I ﬁ l'|
< o
.1 - X fl 4
1 '
-1 Illl ’
E ER Sy
..—_.'_ _ b 4 I'.'.__ 4
i = s _-:_ "‘:r'_!':" ¥ Q0
Nl ]
] D TS B = -.—L-I-_i—L-I.—l-A... :- ...... ”:”J._‘Hl R P i
- AU, et -28 -1 -8 -5 ¢ 5 ] 15 29
RITETWAR Wi |'WAKRD FONAL WAV LIV RS TWARL

Space-time spectrum of the 15N-155 symmetric
component of precipitation, divided by the background
spectrum,; Observations (left) and CCSM (right). Note the
poor simulation of the Kelvin and MJO modes and the
nearly non-existence of the Rossby (ER) and the Inertial
Gravity (WI6G) modes. The poor representation of moist
convective processes is a major factor.

Lin et al 2006, J Climate submitted



Diurnal Cycle of Convective Precipitation for JJA
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Modeled frequency occurs about 2 hours earlier than observed

Trenberth et al. 2003



. Modeldeficiencies

8) As:models feature convection too frequent: and without
adequate intensity, it is likely that sub-grid scale
convection isioverdone at the expense of organized
convection (MJO, tropical storms etc).

9) Hence models likely under-predictichanges in hurricanes.

10) Climate models do not contain hurricanes: does that
mean the SSTs are too warm in future climates?



Hypothesis:

Hurricanes play a key. role in climate, but: are
not; in models and not parameterized.

Prospectsi are for more intense storms; heavier
rainfalls and flooding, .and .coastal damage,
but perhaps lower tropical ocean temperatures?



The N Atlantic is only 12% of total tropical storms
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Changes in hurricane frequency S
in The North: Atlantic Ocean, = *

|
n
o

number of hurricanes, storms/year

SST (10N-20N)

+0.25

W

o

|
i
' |M ‘.PT l‘\ I

number of hurricanes

-0.25

w

ueadQ anuey YuoN (N02-01) 1SS

|| ‘
ar
_0 [ﬂ“l'r\'l’l‘h

| 1 | | | i 1 1 | | 1 I | | 1 | | 1 | | | I |
1885 1895 1905 1915 1925 1935 1945 1955 1965 1975 1985 1995 2005
year

-0.5



.lﬂ'"_' :AT —p

/ssr»r’ Ho JJmJ JI)J”JJ‘/

A basic physucat (the Clat SIus=

VA RpEIs c"- elsiu _mcr'
4 (JJJJJJ WY/ e) |

I3 the. Tropics at the surfacestt
LY, J/J or 7 to 8% per K ¢
| -~ '

_

%
-._'F:f i

oy

- I':J'I:|H1- "

var)//run |

i i 1
‘_r'{:' .I i



%

a) SSM/I| PW Linear Trend %/decade 1988-2003
gON | | I | 1 I | | I | 1 I | | I | | I 1 | I | | I 1 | I | | I 1 1 I | |

60N

Total column
water vapor

30N

o
e e

I3 im'ru,uru
308 S523T 23Timarz
sos of linzar
Trznds:
S [ [ e (U [ L L (UL (L L L
0 30E 60E 90E 120E 150E 180 150W 120w 90W 60W  30W 0
Glooal oczan
2 0 2 4 6 o 39,
1.3+0.3
S Doesrmpan ™ L .y 2B %/decade gap ¢ dzcadz
2.0 - —
0.0 : AT I\/IJ'I A IjI _____ T :_ S.J gr /()()/J
A |
2.0 —
. I ' I I ' I I ' ]
1989 1992 1995 1998 2001 2004

Trenberth et al 2005



Hypothesis on effects from global warming

Water vapor over oceans increases ~7% per K SST
= To first order, surface latent heat fluxes also increase by at

least this amount as E & pCVq(Ts)}(1-RH) ~ q(Ts)
= Convergence in boundary layer also should go up
proportionately. [qff, off, v, and v..qt squared]
= Could also increase intensity: V

= Other feedbacks (friction, sea spray, stability etc)

Hence estimated rainfall, latent heating and water vapor in the
storme should increased 1.072 =114 or 14%. [7 to 21% error
bars] per K.

For observed 0.5K increase in SST this means increases in
rainfall and latent heat release in storms by order 7%.
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Rainfall from hurricane Ivan

7—day accumulation {(mm) ending 20040919
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Date in September 2004
Max Wind [m/s]
*Aln Pressure [mb]
= observed track
+= WRF 48-hr fia

SST (C) 3y Y



Hurricane Ivan: 48 hour simulation: Starting 13 September 00Z

Tangential velocity

Radial velocity at 900 mb
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Hurricane Ivan: 48 hour simulation: Starting 13 September 00Z
Hourly rain rate mm Surface latent heat flux W m-2

& g 10 14 18 Z& K6 30 100 300 200 700 800

700 W m2 =1 mm/hr



Hurricane IVAN: September 13, 2004:

48 forecasts with WRF @4km resolution

Hours 30-42 (0600 to 1800 14 September 2004)
Integrated

0-100 km 0-400 km

Wv Transport 12.4 2.12
Precipitation 13.4 2.97
Surface L Heat Flux 1.04 0.60
Ratio Precip/LH 12.9 4.95

All fields in units of mm/h (696 W m-2)

Over 400 km, 2.9 mm/h = 1 PW.
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Observed Precipitation
Aug. 24 - 30, 2005
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Katrina experiments

. Given' *;mzk forecasts :fﬂl‘(utrim.
as well as the diagnostics of the energy
and water budgets, we rerun the
forecast simulations with ' SSTs changed
by +1°C and -1°C

» The control run has the central

892 mb vs observed 902 mb 6y
» +1°C: 870 mb: -22 mb

» =1°C: 910 mb: +18 mb

> Max winds 58 m/s (-1) go to 70 m/s (+1)
» Order 10% per C



Aurricane Katrina WHF SS1: 27 Aug 2000 S e
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Katrina

>Ratio of rainfall to surface LH flux is 9
inside 100 km, and 3.9 inside 400 km. They.are
comparable at 700 km and a balance is achieved
only by considering a radius,of about 1600:km.

» This highlights the majorrole of moisture
convergence by the low level (below 1 km)
inflow,into the storm.

> lihat convergence in turn is driven by the
surface LH flux, latent heating and storm
circulation:

>Nonetheless it highlights the role of: tihe large-
scale environment in these storms.
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enhanced 25% 19% per K

Surface LH flux Rain enhanced]
per K




How, bigi is the effect from global warming?

Sinez 1970 trovical 35Ts navz incrzaszd 0.9°C
Anel werzr 1apor nas lik'»l\/ incrzaszd ~3.97% ar zaen ¢ DOIT.
Tnis mzans incrzaszs m rainfall and latznt nzar rzlzagz in
Storms oy order 774 [4 o 127,

[ 2.¢ira rain nzard lzw Orlzans in Ydrdinag]

Tnz adelzel paintall and r'a..ulrm_; Flooding could 2 2nougn
To orizacn lzyzzs dzsignzd without accounting tor
glogal warmirng. '




Implications for climate models

1) In models, the thunderstorms and convection are not
resolved and are dealt with by “sub-grid” scale
parameterization.

2) However, most (all?) climate models hdve premature
onset of convection, as seen in thesdiurnal cycle over
land, and feature convection fooroften and with
insufficient intensity.

3) This characteristic likely means that sub-grid scale
convection is overdone at the expense of organized
convection (MJO, tropical storms etc).

4) Hence models likely under-predict changes in
hurricanes.

5) Hurricanes are missing in models: SSTs may get foo
warm: increased TCs keep SSTs cooler.
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